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Edited by Lukas HuberAbstract Cholesterol is one of the major lipids of plasma mem-
branes. Recently, we have shown that cholesterol depletion by
methyl-b-cyclodextrin (MbCD) induces the activation of the
Wnt/b-catenin pathway and enhances myogenic diﬀerentiation.
Here, we show that MbCD-conditioned media accelerates
myogenesis in a similar way as MbCD does, suggesting that
the eﬀects induced by MbCD could be caused by soluble factors
present in the culture medium. Soluble Wnt-3 protein is signiﬁ-
cantly enhanced in MbCD-conditioned medium. Wnt-3a-
enriched media induces myogenesis as much as MbCD does,
whereas Wnt-5a-enriched media inhibits. We suggest that
Wnt-3a is involved in the myogenic induction observed after cho-
lesterol depletion.
 2007 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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The Wnt proteins are a highly conserved group of secreted
proteins that are involved in a variety of developmental pro-
cesses, such as cell diﬀerentiation, proliferation, and/or signal-
ling. Currently in vertebrates there are 19 known Wnt genes,
that can be divided into the b-catenin dependent (the canonical
pathway) and the b-catenin independent pathways (the planar
cell polarity and the Ca2+ pathway). In the most well-under-
stood b-catenin pathway, the binding of Wnt proteins to its
cell surface receptor, which consists of Frizzled (Fz) and low-
density-lipoprotein receptor-related protein 5/6 (LRP5/6),
induces the stabilization of b-catenin and its entry into the
nucleus where it acts in a complex with members of the
TCF/Lef (T cell factor/Lymphoid enhancer factor) family of
transcription factors to activate target genes [1].
Wnt proteins are one of the main signaling molecules re-
quired to activate myogenesis [2]. Members of the Wnt family
produced by the dorsal neural tube are required to fully acti-
vate and stabilize the myogenic program in the dorsal part
of the somite [3]. Wnt-1 and Wnt-3a signalings regulate the
formation of the medial compartment of the dermomyotome*Corresponding author. Fax: +55 21 22370844.
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doi:10.1016/j.febslet.2007.11.047and the early part of myogenesis [4]. Furthermore, Galli and
colleagues [5] have shown that ectopic expression of Wnt-3a
throughout the right half of the neural tube by electroporation
causes a dramatic enlargement of the myotome 48 h post-elec-
troporation. Wnt family members are able to induce the
expression of muscle markers including MyoD, myogenin
and myosin heavy chain [6]. In addition, overexpression of
the Wnt antagonist Frzb-1 blocks myogenic diﬀerentiation in
mouse somites [7].
In order to act in myogenesis, and in other developmental
processes, Wnt molecules must diﬀuse through the aqueous
extracellular environment. Although Wnts are secreted pro-
teins, it has been diﬃcult to purify active and soluble Wnt mol-
ecules. It is possible to purify Wnt-3a and Wnt-5a from
conditioned medium. Puriﬁed Wnt-3a protein stabilizes b-cate-
nin [8] while puriﬁed Wnt-5a protein inhibits the transcrip-
tional activity of TCF/Lef [9]. One of the reasons for the
diﬃculty of purifying Wnts is their insolubility due to their
hydrophobicity [8]. Wnt-3a and Wnt-5a are palmitoylated.
Palmitoylation is not essential for their secretion but is impor-
tant for the actions of these Wnts [10]. Furthermore, palmitoy-
lated proteins are frequently targeted to cholesterol-enriched
membrane domains [11]. Thus, one important question that
arises is whether depletion of membrane cholesterol could alter
Wnt availability.
Recently, our group has shown that cholesterol depletion by
methyl-b-cyclodextrin (MbCD) induces proliferation and dif-
ferentiation in chick-cultured myogenic cells [12], and that
the Wnt/b-catenin pathway is involved in these events [13].
Here, we show that soluble Wnt-3 protein is signiﬁcantly
enhanced in MbCD-conditioned medium. The data here
presented suggest that Wnt-3a molecules play a role in the
myogenic induction observed after cholesterol depletion by
MbCD in cultured cells.2. Materials and methods
2.1. Primary cell cultures
Primary cultures of myogenic cells were prepared from breast mus-
cles of 11-day-old chick embryos [12]. Cells were grown with 8–1–0.5
cultured medium (MEM with 10% horse serum, 0.5% chick embryo
extract, 1% L-glutamine and 1% penicillin–streptomycin) at an initial
density of 5 · 105 cells/35 mm culture dishes onto 22 mm-aclar plastic
coverslips (Pro-Plastics Inc., USA) previously coated with rat tail col-
lagen. Cells were grown under humidiﬁed 5% CO2 atmosphere at
37 C. Cells were treated for 30 minutes with methyl-b-cyclodextrin
(MbCD; Sigma) at a ﬁnal concentration of 2 mM after the ﬁrst 24 h
of culture. After MbCD exposure, cultures were washed with cultured
medium and grown for the next 3, 24, 48 or 72 h.blished by Elsevier B.V. All rights reserved.
5788 D.M. Portilho et al. / FEBS Letters 581 (2007) 5787–5795Primary cultures of ﬁbroblasts were prepared from the layer of con-
nective tissue that covers the breast muscles of 11-day-old chick em-
bryos. Subconﬂuent ﬁbroblastic cultures were used after four
trypsinization passages in order to get rid of myogenic cells. Ninety-
ﬁve percent of these cultures are represented by ﬁbroblasts (desmin
negative cells) and only 5% of cultures are represented by myogenic
cells (desmin positive cells).
2.2. Generation of Frzb1-enriched cultured medium
Embryonic human kidney cells (293T) were cultured in DMEM con-
taining 10% FCS and transiently transfected with 10 lg of the
pcDNA3/Frzb-1 vector kindly provided by Dr. De Robertis [14].
Transfection was carried out at 50–70% cell conﬂuency by standard
calcium phosphate technique. Conditioned Frzb1-enriched medium
was obtained by culturing the transfected cells in DMEM/F12/Iscoves
supplemented with non-essential amino acids for 48 h after transfec-
tion. The Wnt signaling inhibitory activity of Frzb-1 was tested by
blocking luciferase activity of 293T cell transfected with topFlash
and Wnt [13]. MbCD-treated and control myogenic cells (with 24 h)
were grown in the presence of Frzb1-enriched medium for the next
24 h, when immunoﬂuorescence microscopy of cultures (control and
MbCD-treated) was carried out.
2.3. Immunoﬂuorescence microscopy and digital image acquisition
Cultures were rinsed with PBS and ﬁxed with 4% paraformaldehyde
in PBS for 10 min at room temperature. They were then permeabilized
with 0.5% Triton-X 100 in PBS three times for 10 min. The same solu-
tion was used for all subsequent washing steps. Cells were incubated
with primary antibodies for 1 h at 37 C. After incubation, cells were
washed for 30 min and incubated with FITC- or TRITC-conjugated
secondary antibodies for 1 h at 37 C. Nuclei were labeled with DAPI
(0.1 lg/mL in 0.9% NaCl). Cells were examined with an Axiovert 100Fig. 1. MbCD-conditioned medium induces myogenic diﬀerentiation. Contro
grown for 24 h, treated with MbCD for 30 min and grown for the next 48 h
conditioned-medium (C). Other control cultures were grown in the presence
phase contrast microscopy. Scale bar (A–D) represents 100 lm.microscope (Carl Zeiss, Germany) and images were acquired with a
C2400i integrated CCD camera using an Argus 20 image processor
(Hamamatsu Photonics, Japan).
2.4. Immunoprecipitation assay
Conditioned-medium collected from 24 h-non-treated cultures
(1 mL) and conditioned-medium collected from 24 h MbCD-treated
cultures (1 mL) were incubated overnight at 4 C with 10 ll of a spe-
ciﬁc rabbit polyclonal anti-Wnt-3 antibody (Zimed, epitope-aﬃnity
puriﬁed). After, the samples were incubated for 1 hour at 4 C with
50 lL of protein A-Sepharose CL-4B (Sigma, pH 7.4), gently mixing
the sample with a shaker. Immmunoprecipitated complexes were col-
lected by centrifugation at 3000 · g for 2 min at 4 C. Supernatants
were discarded and pellets were extensive washed with 20 mM HEPES
buﬀer, pH 7.5, containing 150 mM NaCl, 0.1% Triton X-100 and 10%
glycerol. Samples were heated at 95 C for 5 min and centrifuged for
30 s at 12000 · g at room temperature. Supernatants (IP samples) were
separated by 10% SDS–PAGE and transferred to PVDF membranes.
Blots were then probed with the anti-Wnt-3 antibody.
2.5. Immunoblotting of cells extracts
Cultured myogenic cells were quickly washed in ice-cold PBS and
50 lL of sample buﬀer (4% SDS, 20% glycerol, 0.2 M dithioethreitol,
125 mM Tris–HCl, pH 6.8) were added to the cells and boiled for
5 min. The amount of protein in each sample was determined accord-
ing to Bradford [15], using bovine serum albumin as a standard, and
equal amounts of protein were loaded on the gel. Samples were loaded
in 10% SDS–polyacrylamide gel electrophoresis [16]. Proteins were
transferred to PVDF membranes. The proteins immobilized on the
membranes were immediately blocked for 1 h at room temperature
with a 5% non-fat dry milk in Tris buﬀered saline-Tween 20 solution
(0.001%) (TBS-T). Then the membranes were incubated with either al myogenic cells were grown for 72 h (A), and other myogenic cells were
(B). Some control cultures were grown in the presence of a control-
of a MbCD-conditioned-medium (D). Live cells were analyzed under
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nal anti-M-cadherin antibody (BD Transduction). After ﬁve washes
in TBS-T (3 min each), the membranes were incubated with either an
anti-rabbit or an anti-mouse peroxidase conjugated antibodies (Amer-
sham, dilution 1:7000 in TBS-T), washed again as described above and
the bands were visualized using the ECL plus Western Blotting Detec-
tion System (Amersham). To check sample loading, membranes were
treated with striping buﬀer (2% SDS, 100 mM 2-mercaptoethanol,
62.5 mM Tris–HCl, pH 6.7) for 30 min at 50 C, washed ﬁve times
in TBS-T and blocked again as described above. Then the membranes
were incubated with a mouse monoclonal anti-a-tubulin antibody (Sig-
ma, dilution 1:3000 in TBS-T-milk). After ﬁve washes in TBS-T (3 min
each), membranes were incubated with anti-mouse peroxidase conju-
gated antibody (Amersham, dilution 1:7000 in TBS-T) and developed
as described above.3. Results and discussion
3.1. MbCD-conditioned medium induces myogenic
diﬀerentiation
We have previously shown that cholesterol depletion by
MbCD induces myogenic proliferation and diﬀerentiation
[12], and that the Wnt/b-catenin pathway is involved in these
events [13]. To investigate whether the cellular eﬀects induced
by MbCD were caused by soluble factors present in the culture
medium, we decided to analyze the eﬀects of conditioned med-
ia collected from myogenic cultures treated or untreated with
MbCD (Fig. 1). Myogenic cells grown with a MbCD-condi-
tioned medium show an enhancement in muscular diﬀerentia-
tion (Fig. 1B and D) in a similar way as MbCD does by itself,Fig. 2. 30–50 kDa-soluble factors from MbCD-treated cultured cells induce
grown for the next 48 h with either an YM-30 ﬁltered conditioned-medium
conditioned-medium collected from 24 h MbCD-treated cultures (B). Other
YM-50 ﬁltered conditioned-medium collected from 24 h control-cultures (C
MbCD-treated cultures (D). Live cells were analyzed under phase contrast msuggesting that the eﬀects induced by MbCD could be caused
by soluble factors present in the culture medium.
3.2. 30–50 kDa-soluble factors from MbCD-treated cultured
cells induce myogenic diﬀerentiation
To determine the molecular mass of the soluble factors that
cause myogenic diﬀerentiation, we analyzed the eﬀects of ﬁl-
tered conditioned media collected from myogenic cultures trea-
ted or untreated with MbCD (Fig. 2). We employed Centricon
centrifugal ﬁlter devices (Millipore, USA) that can be used for
ﬁltration of substances with molecular weight below the nom-
inal molecular weight limit of the ﬁlters. A Centricon YM-30
device ﬁlters substances with molecular weight below 30 kDa
and a YM-50 device ﬁlters substances with molecular weight
below 50 kDa. Conditioned-medium collected from both un-
treated and MbCD-treated cultures and passed through a
Centricon YM-50 induced myogenic diﬀerentiation (Fig. 2C
and D), as opposed to conditioned-medium collected from
both untreated and MbCD-treated cultures and passed
through a Centricon YM-30, which inhibited myogenic diﬀer-
entiation (Fig. 2A and B). We found that culture media con-
taining only molecules with a molecular weight lower than
30 kDa do not allow in vitro myoblast diﬀerentiation. Mole-
cules with a molecular weight above 30 kDa are required for
chick myogenic diﬀerentiation. Interestingly, conditioned-
medium collected from MbCD-treated cultures and passed
through an YM-50 ﬁlter induced the formation of thicker
myotubes (Fig. 2D) when compared with myotubes grownmyogenic diﬀerentiation. Control myogenic cells (grown for 24 h) were
collected from 24 h control-cultures (A) or with an YM-30 ﬁltered
24 h non-treated cultures were grown for the next 48 h with either an
) or with an YM-50 ﬁltered conditioned-medium collected from 24 h
icroscopy. Scale bar (A–D) represents 100 lm.
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through a YM-50 ﬁlter (Fig. 2C). These observations suggest
that the myogenic inducer-soluble factors present in MbCD-
conditioned media have a molecular weight within the range
of 30–50 kDa.
3.3. Wnt-3a, but not Wnt-5a, induces in vitro chick myogenic
diﬀerentiation
Wnt molecules have been reported to be involved in muscle
diﬀerentiation [2] and the predicted primary translation prod-
ucts of Wnt genes are all relatively small, putative glycopro-
teins of 38–43 kDa, which is within the range of the
molecular weight (30–50 kDa) that we found for the myogenicFig. 3. Wnt-3a, but not Wnt-5a, induces in vitro chick myogenic diﬀerentiatio
cells were grown for 24 h, treated with MbCD for 30 min and grown for the n
a Wnt-3a-enriched medium for the next 48 h (C) or in the presence of a Wnt-5
(24 h) were grown either in the presence of a Wnt-3a-enriched medium for th
next 48 h (G). Other control 24 h myogenic cells were grown in the presence o
Live cells were analyzed under phase contrast microscopy. Scale bar (A–G)inducer-soluble factors found in cholesterol depleted cultures.
Therefore, we decided to investigate whether the eﬀects of cho-
lesterol depletion by MbCD were related to the presence of
two Wnt molecules that have been implicated in myogenesis:
Wnt-3a and Wnt-5a. To test this hypothesis, we grew myo-
genic cells in the presence of Wnt-3a- or Wnt-5a-enriched med-
ia. Fig. 3C shows that Wnt-3a-enriched medium induces the
formation of thicker myotubes in myogenic cultures, as com-
pared to the control cells (Fig. 3A). The induction of myogenic
diﬀerentiation by a Wnt-3a-enriched medium was similar to
the MbCD eﬀects (Fig. 3B). These observations suggest that
Wnt-3a molecules could be candidates for the myogenic induc-
tion observed after cholesterol depletion by MbCD in culturedn. Control myogenic cells were grown for 72 h (A), and other myogenic
ext 48 h (B). Some control cultures were grown either in the presence of
a-enriched medium for the next 48 h (E). MbCD-treated myogenic cells
e next 48 h (D) or in the presence of a Wnt-5a-enriched medium for the
f a medium collected from mock-transfected cells for the next 48 h (F).
represents 100 lm.
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Wnt-5a-enriched medium showed an inhibitory myogenic
eﬀect, as observed by the presence of thinner myotubes
(Fig. 3E). Treatment of myogenic cultures with MbCD and
either Wnt-3a or Wnt-5a (Fig. 3D and G) did not show signif-
icant diﬀerences (as shown also in Fig. 6).
Myogenic diﬀerentiation results in the formation of multinu-
cleated myotubes. Thus, to further characterize the inductionFig. 4. MbCD-conditioned medium can induce fully diﬀerentiated and stria
and other myogenic cells were grown for 24 h, treated with MbCD for 30 m
grown in the presence of a control-conditioned-medium (E and F). Other c
medium (G and H). Cells were double-stained with an anti-sarcomeric a-act
sarcomeric a-actinin distribution in Z-lines along sarcomeres. Scale bar (A–Hof diﬀerentiation observed in the previous experiments (Figs.
1–3), cells were double stained with the terminal diﬀerentiation
marker sarcomeric a-actinin (Sigma) and with the nuclear dye
DAPI (Molecular Probes). The level of organization of a sar-
comeric protein is an indicator of myogenic diﬀerentiation,
since the contractile apparatus must be maintained with almost
crystalline order for its eﬃcient function [17]. Figs. 4 and 5
show a periodic a-actinin staining in Z-lines of untreated (Figs.ted myotubes. Control myogenic cells were grown for 72 h (A and B),
in and grown for the next 48 h (C and D). Some control cultures were
ontrol cultures were grown in the presence of a MbCD-conditioned-
inin antibody (A, C, E and G) and DAPI (B, D, F and H). Note the
) represents 10 lm.
Fig. 5. MbCD and Wnt-3a can both induce fully diﬀerentiated and striated myotubes. Treated and untreated myogenic cultured cells were double-
stained with an anti-sarcomeric a-actinin antibody (A, C and E) and DAPI (B, D and F). Note the sarcomeric a-actinin distribution in Z-lines along
sarcomeres. Scale bar (A–F) represents 10 lm.
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tioned medium (Fig. 4E), MbCD-conditioned medium
(Fig. 4G), and Wnt-3a-treated myotubes (Fig. 5E).
Although a signiﬁcant increase in the number of myoﬁbrils
per myotube was evident in MbCD-treated (Figs. 4C and
5C) and Wnt-3a-treated myotubes (Fig. 5E), no diﬀerences
were found in the a-actinin staining pattern (in sarcomeric
Z-lines) between the diﬀerent conditions (Figs. 4 and 5). These
results show that MbCD, MbCD-conditioned medium and
Wnt-3a enhances myogenesis by the induction of mature stri-
ated myotubes.
Other cell treatments were also labeled with an anti-a-actinin
antibody and DAPI. We counted the number of nuclei per
myotube (fusion index) in control (untreated) cultures and in
cells treated with: MbCD, or control conditioned-medium,
or MbCD conditioned-medium, or YM-50 ﬁltered condi-
tioned-medium collected from either 24 h control cultures or
24 h MbCD-treated cultures, or Wnt-3a-enriched medium, or
Wnt-5a-enriched medium. Fig. 6 illustrates that control (un-
treated) cells had 10 ± 2 nuclei per myotube. In contrast,
MbCD-treated cultures had 30 ± 3 nuclei per myotube, cul-tures treated with MbCD conditioned-medium had 32 ± 3
nuclei per myotube, and Wnt-3a-treated cultures had 28 ± 2
nuclei per myotube. Statistical analysis showed signiﬁcant dif-
ferences (P < 0.05; ANOVA on ranks with Dunns post hoc
test versus control group; n = 50) in fusion index between con-
trol and cultures treated with MbCD, MbCD conditioned-
medium, MbCD conditioned-medium ﬁltered with YM-50,
and Wnt-3a-enriched medium (with or without MbCD).
3.4. MbCD-induced eﬀects are not related to ﬁbroblastic cells
Primary skeletal muscle cultures contain ﬁbroblastic cells
and myogenic cells. In order to analyze whether MbCD may
act on ﬁbroblasts rather than directly on myoblasts, we pre-
pared primary ﬁbroblastic cultures. Some quaternary ﬁbro-
blastic cells were treated with MbCD (2 mM) for 30 min and
conditioned media were collected from both untreated and
MbCD-treated cultures and added to myogenic cultures. Nei-
ther of the ﬁbroblastic-conditioned media (untreated and
MbCD-treated) signiﬁcantly induced myogenesis, as noted
by the number of nuclei per myotube (fusion index) in each
treatment (Fig. 6).
Fig. 6. Fusion index of chick myogenic cells grown in diﬀerent culture conditions. Cells were ﬁxed with 4% paraformaldheyde and stained with DAPI
and anti-sarcomeric a-actinin antibody. The number of nuclei per myotube (fusion index) was recorded in control (untreated) cultures and in treated
cells. At least 50 myotubes for each culture condition were scored. (*P < 0.05; ANOVA on Ranks with Dunns Post Hoc test versus control group;
n = 50). Ct = control, cm = conditioned medium, plas = mock transfection, Fib = ﬁbroblast.
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methyl-b-cyclodextrin (MbCD)
Frzb-1 is a secreted protein containing a domain similar to
the putative Wnt-binding domain region of the frizzled family
of transmembrane receptors [14]. To test whether there areFig. 7. Frzb-1 inhibits the myogenic diﬀerentiation induced by MbCD. Myo
(A, C, E and G) and DAPI (B, D, F and H). Control cells were grown for 4
with MbCD and grown for the next 24 h (E and F) before staining. Some 24 h
were grown in the presence of an Frzb1-enriched medium for the next 24 hWnt proteins in the culture medium of cholesterol depleted-
cells, we cultured myogenic cells (untreated or treated with
MbCD) in the presence or absence of Frzb-1-enriched medium
(Fig. 7). Cells were stained with DAPI and anti-desmin
antibody (Sigma). Figs. 6 and 7 show that Frzb-1-enrichedgenic cultured cells were double-stained with an anti-desmin antibody
8 h (A and B) before staining. Other cells were grown for 24 h, treated
non-treated cultures (C and D) and MbCD-treated cultures (G and H)
before staining. Scale bar (A-H) represents 10 lm.
Fig. 9. Expression of M-cadherin is enhanced in MbCD-treated
myogenic cells. (A) Control myogenic cells (Co) were grown for 72 h.
Other cells were grown for 24 h, treated with MbCD (2 mM) for
30 min and grown for the next 48 h. Both cell culture extracts were
analyzed in Western blot using anti-M-cadherin antibody (upper blot).
Lower Western blot shows a-tubulin (55 kDa) reactivity of the same
samples, and was used to normalize sample loading. (B) Quantiﬁcation
of protein bands revealed a more than 2-fold increase in the levels of
M-cadherin (135 kDa) expression in MbCD-treated myogenic cells
when compared to control cells.
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MbCD, and suggest that Wnt molecules are involved in these
events.
3.6. Soluble Wnt-3 is signiﬁcantly enhanced in MbCD-
conditioned medium
To test whether Wnt-3 is indeed involved in the cellular ef-
fects observed after cholesterol depletion, we analyzed the
presence of Wnt-3 protein in MbCD-conditioned medium
and in control-conditioned medium (Fig. 8A). Both condi-
tioned media were immunoprecipitated with a polyclonal anti-
body against Wnt-3. We found a more than 3-fold increase in
the levels of Wnt-3 in MbCD-conditioned medium when com-
pared to control-conditioned medium (Fig. 8A). A possible
explanation is that Wnt-3 molecules are released to the culture
medium after cholesterol depletion and do not stay associated
to the plasma membrane of cells.
We also analyzed the expression of Wnt-3 protein in cell ex-
tracts (with no cultured medium) obtained from both control
and MbCD-treated myogenic cultures (Fig. 8B). MbCD-trea-
ted myoblasts cultured for 72 h expressed similar levels of
Wnt-3 when compared to untreated cells, which is in agree-
ment with our results (Fig. 8A) showing that the enhancement
of soluble Wnt-3 in MbCD-conditioned medium (and not the
Wnt-3 associated to the membrane of cells) is responsible for
the induction of proliferation and diﬀerentiation of myogenic
cultured cells.
3.7. Cholesterol depleted-myogenic cells have an increased
expression of M-cadherin
To further analyze the eﬀects of cholesterol depletion in
myogenic diﬀerentiation, we examined the expression of M-
cadherin in both control and MbCD-treated cultures by immu-
noblotting (Fig. 9). M-cadherin is a marker of myogenic diﬀer-
entiation. It has been reported that, besides being a satellite
cells marker, M-cadherin is involved in myoblast fusion and
continues to be expressed in well-diﬀerentiated myotubesFig. 8. Expression of soluble Wnt-3 is signiﬁcantly enhanced in MbCD-con
conditioned medium were immunoprecipitated with a polyclonal antibody a
transferred to PVDF. Membrane was then probed with the anti-Wnt-3 an
increase in the levels of Wnt-3 (40 kDa) in MbCD-conditioned medium when
myogenic cultures was also analyzed by Western blotting using anti-Wnt-3 an
Other cells were grown for 24 h, treated with MbCD and grown for the nex
same samples, and was used to normalize sample loading.[18]. MbCD-treated myogenic cells cultured for 72 h expressed
a more than 2-fold increase in the levels of M-cadherin than
untreated cells (Fig. 9A and B).ditioned medium. (A) Control-conditioned medium (Co) and MbCD-
gainst Wnt-3. Immunoprecipitates were separated by SDS–PAGE and
tibody. Quantiﬁcation of protein bands revealed a more than 3-fold
compared to control-conditioned medium. (B) Total cell extracts from
tibody (upper blot). Control myogenic cells (Co) were grown for 72 h.
t 48 h. Lower Western blot shows a-tubulin (55 kDa) reactivity of the
D.M. Portilho et al. / FEBS Letters 581 (2007) 5787–5795 5795It is important to point out that, in opposition to common
experimental approaches, we are not overexpressing Wnt mol-
ecules in our cells. The increase in soluble and active Wnt mol-
ecules found in conditioned culture media is a result of MbCD
treatment that can release membrane-anchored proteins, such
as Wnt. We are mostly interfering with Wnt availability to
cells. It has been shown that the secretion of Wnt proteins
from cells is usually ineﬃcient [19]. Since the depletion of cho-
lesterol by MbCD changes the membrane composition and
structure [20], we suggest that cholesterol depletion by MbCD
could release active Wnt-3a to the culture medium and activate
the proliferation and diﬀerentiation of myogenic cells into fully
striated myotubes. We cannot discard the possibility that myo-
genic diﬀerentiation induced by cholesterol depletion involves
not only Wnt-3a molecules but also other Wnt molecules.
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